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CLINICAL REvIEW
was the best of  times. It 
was the worst of  times.” 
Charles Dickens classic 
opening to A Tale of  Two Cites 
(1859) might well apply to today’s 
glaucoma patient. On one hand, 
with today’s exquisitely-accurate di-
agnostic instruments and new man-
agement procedures, diagnosis is 
easier and treatment is better than 
ever before. On the other hand, up 
to 50% of  current patients with 
glaucoma do not know they have 
the disease1 and many practitio-
ners continue to use an intraocular 
pressure (IOP) and cup-to-disc  (C/D) 
ratio approach to diagnosis. 2  However, 
some researchers are working with a 
systems-approach to help clinicians 
face the difficult task of  deciding 
what action (risk assessment, follow 
closely, or consider therapy) to take 
for patients who may have open- 
angle glaucoma with only subtle 
signs of  damage.3 
In this paper, we address the is-
sue of  refining decisions of  which 
primary care patients to screen for 
glaucoma. Using currently avail-
able instrumentation and clinical 
research, we provide normative 
data on specific physical ocular 
structures resulting in an extension 
for primary care examination that 
promises more accurate identifi-
cation of  which primary eye care 
patients should be screened for 
glaucoma, bringing more patients 
with glaucoma closer to “the best 
of  times”.
With introduction of  the ophthal-
moscope (1854), glaucoma came 
to be defined as an ocular disease 
characterized by optic nerve dam-
age with associated elevated in-
traocular pressure.4,5,6 Glaucoma 
is now considered as a group of  
ocular diseases, often accompanied 
by elevated intraocular pressure, 
that cause progressive optic nerve 
atrophy and blindness.7 In most 
“I
introDuCtion: Glaucoma, which is often accompanied by elevated intra-
ocular pressure (IOP), causes progressive optic nerve atrophy and blindness.  
Among ocular structure parameters abnormalities in central corneal thickness 
(CCT), cup-to-disc (C/D) ratio, inter-eye C/D ratio asymmetry, optic disc 
area, and neuro-retinal rim area (N-RRA) appear to be highly correlated with 
glaucoma. We compare these specific ocular structures in a group of young 
normal pre-presbyopic patients and in a group of patients being treated for 
glaucoma.
MethoDs: After written informed consent, 1433 consecutive normal, and 
56 consecutive patients being treated for glaucoma were assessed by includ-
ing age, race, sex, IOP (NCT), C/D ratio, optic disc area, N-RRA (Optos), central 
center thickness (CCT), and anterior chamber depth.
results: Combinations of findings in CCT, C/D ratio, C/D ratio asymmetry, 
disc area, and N-RRA (assessed by Z-score) were present in 65.52% of  
patients being treated for glaucoma and 22.96% of young normal patients.  
For young normal patients, overall average CCT was 550.37+/-39.47µm. 
Overall average C/D ratio was 0.39+/-0.11. Inter-eye C/D asymmetry was 
0.02+/-0.06.  Overall average disc area was 2.46+/-0.49mm2 (7863.54+/-
1630.42 pixels). Overall average N-RRA was 1.44+/-0.35mm2 (4785.88+/-
1161.14 pixels). C/D ratio increased modestly with disc area increase, an 
increase not associated with thinning N-RRA. Thin N-RRA was associated 
with small optic discs that had large C/D (t=-8.21, p=0.000, DF=93).  There 
was a significant difference between young normal patients and patients 
being treated for glaucoma in CCT, C/D ratio, C/D ratio asymmetry, disc area, 
and N-RRA.   
ConClusion:  More than one in five (22.96%) young normal patients has 
ocular structure findings similar to those found in patients being treated for 
glaucoma. These results will help refine decisions on which primary eye care 
patient to screen for glaucoma.
Key Words : corneal thickness, C/D ratio, optic disc area, neuro-retinal rim 
area, glaucoma screening
AbstrACt
C a n a d i a n  J o u r n a l  o f  o p t o m e t r y
r e v u e  C a n a d i e n n e  d ’ o p t o m é t r i e
Vol 71  No 5
October / octobre 2009 27
primary open angle glaucoma cases, 
high IOP damages the optic nerve 
causing nerve fiber layer loss that 
corresponds to a visual field deficit. 
Other than high IOP, risk factors 
associated with glaucoma include a 
large C/D ratio, C/D asymmetry, 
small neuro-retinal rim area, large 
optic disc area, and a thin central 
corneal thickness.  
Intraocular Pressure 
Intraocular pressure is the fluid 
pressure in the eye measured in 
millimeters of  mercury. The nor-
mal range for intraocular pressure 
(IOP) is 10–20 mm Hg, with a 
mean of  15.5 mm Hg.8 This pres-
sure is maintained throughout life 
and between the sexes, although 
there is diurnal and possibly also 
some seasonal variation.9 The IOP 
distribution in the general popula-
tion is not a normal gaussian dis-
tribution, but is skewed toward 
higher pressures where an associ-
ated increase in visual field loss is 
often present (Figure 1).10
In general, the level of  intra-
ocular pressure is directly related 
to the probability of  glaucoma-
tous visual field loss. In a popula-
tion based prevalence survey of  
more than 5000 individuals aged 
40 and over11, participants who 
had a screening intraocular pres-
sure greater than 30 mm Hg were 
over 38 times more likely to have 
glaucoma (as defined in the study) 
than individuals with an intraocu-
lar pressure below 15 mm Hg. In 
the Blue Mountains Eye Study 
the odds of  developing glaucoma 
were 4 to 7 times higher when the 
screening intraocular pressure was 
greater than 21 mm Hg than when 
there were lower intraocular pres-
sures.12 In addition, the chance of  
developing glaucoma is 2 to 8 times 
higher in patients with intraocular 
pressure asymmetry between eyes 
greater than 3 mm of  Hg than in 
patients with smaller or no intra-
ocular pressure asymmetry.13 
Optic Nerve 
The optic nerve (Cranial Nerve II) 
is collection of  nerve fibers that 
carry visual information from the 
retina to the brain. Significantly in-
creased IOP causes progressive op-
tic nerve damage, which manifests 
as a loss of  nerve axons accompa-
nied by a characteristic progressive 
visual field loss.14 The loss of  axons 
gradually becomes visible clinically 
as an increase in optic nerve cup-
ping.15 As a result, one of  the most 
frequent structural observations in 
patients suspected of  having glau-
coma is of  the optic nerve: histori-
cally, assessment of  the cup-to-disc 
(C/D) ratio is considered to be 
among the most important obser-
vations that can be used to detect 
glaucoma.
Cup-to-Disc Ratio (C/D)
C/D ratio is the relative compari-
son of  the diameter of  the cup to 
the diaeter of  the optic nerve head. 
A  large C/D ratio is considered a 
risk factor for glaucoma.16 An early 
study of  cup-to-disc ratios indi-
cated that only 7% of  the normal 
population had C/D ratios of  0.5 
or greater and that 86% of  normal 
C/D ratios were less than 0.4.17 
Because of  this study, anyone with 
a C/D ratio greater than 0.4 was 
automatically considered a glauco-
ma suspect.  More recent data on 
4877 normal individuals suggest 
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Figure 1 Intraocular Pressure (mm Hg)
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figure 1:  In this diagram of  intraocular pressure distribution there is a visible skew 
toward higher pressures (exaggerated slightly compared to the actual distribution). The 
average pressure among those with glaucomatous visual field loss is in the low 20s, even 
though glaucoma is not present in most individuals with similar pressures. And, although 
it is not common, some individuals with pressures in the upper teens have glaucomatous 
visual field loss. 
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that, in order to be considered ab-
normal, C/D ratios must be greater 
than 0.74 horizontally and 0.64 ver-
tically.18   
Cup-to-Disc (C/D) Ratio  
Asymmetry
Cup-to-disc (C/D) ratio asymmetry 
is the difference in the C/D ratio 
between the two eyes. Chi et al19 
found that inter-eye asymmetry of  
greater than 0.2 for the horizontal 
optic disc C/D ratio was present less 
than 10% of  the time.  These results 
have been taken to suggest that, in 
the presence of  approximately sym-
metrical optic disc area, inter-eye 
C/D ratio asymmetry greater than 
0.2 should raise the suspicion of  
glaucoma.
Other Glaucoma-related 
Ocular Structures 
 Notwithstanding the importance 
of  the C/D ratio and inter-eye 
C/D ratio asymmetry, recent clini-
cal research has identified ocular 
structures known to change in pa-
tients with glaucoma (neuro-retinal 
rim area20) or related to glaucoma 
(increased optic disc area19 and de-
creased central corneal thickness 
[CCT]).21 
Neuro-retinal Rim Area  
(N-RRA)
Neuro-retinal rim area (N-RRA) is 
the total disc area less the area of  
the cup (C/D ratio × Disc area). 
Of  the parameters of  the ONH, 
neuro-retinal rim area (N-RRA) ap-
pears to be most highly correlated 
with glaucomatous damage.20 For 
example, on the Heidelberg Reti-
nal Tomograph (HRT) N-RRA is an 
important piece of  information in 
addition to the computer-derived 
cup shape measure.22 Previous stud-
ies have demonstrated that optic 
discs with larger over-all areas have 
larger neuro-retinal rim areas com-
pared to smaller optic discs.23 The 
N-RRA appears to be an important 
clinical parameter for clinicians to 
evauate when looking for and moni-
toring glaucoma,  making estima-
tion of  the N-RRA an essential part 
of  ONH examination.24,25  
Optic Disc Area
Optic disc area is the surface area of  
the optic nerve head. The area of  
the disc varies from 0.92 to 5.54mm2 
in normal patients, with Black pa-
tients typically having a significantly 
larger disc areas than Caucasians.26,27 
Based on a study of  a portion of  
the Ocular Hypertension Treatment 
Study (OHTS) participants, it has 
been suggested that patients with 
larger optic disc size may have an in-
creased susceptibility to glaucoma.28 
In a larger disc there is more area for 
the nerve fibers to fill, allowing for 
a larger cup (although animal stud-
ies have demonstrated that nerves 
with larger over-all areas tend to 
have more nerve fibers when com-
pared to nerves with small areas29). 
Since the area of  the optic disc is 
large and less of  it is occupied  by 
the nerve fiber, the C/D ratio could 
be overestimated. An abnormal 
C/D ratio could occur with a nor-
mal optic disc area and a decrease in 
the number of  nerve fibers leaving 
the eye (as occurs in glaucoma), or 
with an abnormally large optic disc 
area and a normal number of  nerve 
fibers. 
Central Corneal Thickness (CCT)
Central corneal thickness (CCT) is 
thickness in microns of  the cen-
ter of  the cornea. The OHTS data 
document that a thin central cornea 
is associated with increased risk of  
glaucoma, irrespective of  race.28 
The cause-and-effect relationship 
between central corneal thickness 
(CCT) and glaucoma is not yet clear. 
However, a patient with a thin cor-
nea can have a falsely low IOP read-
ing.
Research Question
Parameters of  the CCT28, C/D 
ratio17,18, inter-eye C/D ratio asym-
metry,19, optic disc area24,25, and 
N-RRA20 have been investigated 
and compared for glaucoma pa-
tients and age matched normal 
subjects; C/D ratio14,15 and C/D 
inter-eye asymmetry19 have been 
evaluated for normal subjects. How-
ever, although the structures have 
been individually studied, multiple 
structure interrelationships have not 
been investigated in large numbers 
of  normal subjects. Thus, what is 
not well delineated are the answers 
to our general research questions:
General Research Questions
1) Can decisions to determine 
which patients to screen for 
glaucoma be refined by determin-
ing the normal ranges of  specific 
physical ocular structures? 
2) And, can these normative data 
of  specific physical ocular struc-
tures be applied to the age range 
of  patients who participated to 
find those with anatomy similar 
to glaucoma patients? 
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The answers are important be-
cause only a small proportion of  
patients ever develop glaucoma; e.g., 
it is estimated that between 1.1% 
(11/1000 Caucasian) and 8.8% 
(88/1000 Black) of  today’s young 
adults will ultimately develop glau-
coma30, and up to 50% of  current 
patients with glaucoma do not know 
they have the disease.1
The challenge presented is to 
investigate in both normal and 
glaucoma patients, using screening 
devices available in a routine clini-
cal care setting, and various ocular 
structural factors (CCT, C/D ratio, 
inter eye C/D ratio asymmetry, op-
tic disc area, and N-RRA) associated 
with glaucoma. The approach is re-
lating normal and glaucoma specific 
physical ocular structures to each 
other; either gold standard testing 
(e.g., Goldmann tonometry for IOP, 
Stereo optic nerve photos for C/D 
evaluation) or screening devices avail-
able in routine clinical care (e.g. NCT 
for IOP, Optos for C/D evaluation), 
may be used as long as decisions are 
based on consistent equipment and re-
sulting normative data. 
Taken together, answers to our specific 
research question: 
Specific Research Question
n Are there clinically significant 
numbers of  healthy pre-presby-
opic patients and patients being 
treated for glaucoma who have 
similar specific physical ocular 
structure relationship?
and our research objective:
Research Objective
n To provide data for young 
normal patients, gathered using 
screening devices available in a 
routine clinical setting, which 
delineate the normal range of  
specific physical ocular struc-
tures (CCT, C/D ratio, inter eye 
C/D ratio asymmetry, optic disc 
area, and N-RRA) as well as the 
interrelation between structure 
findings — 
will allow routine clinical measures to 
be utilized to refine decisions concerning 
which primary eye care patients to screen 
for glaucoma beyond the cup/disc (C/D) 
ratio and IOP approach . 
  
Methods
A total of  1433 patients not previ-
ously known to have glaucoma were 
evaluated in two separate clinics 
located in Houston, Texas (USA) 
and Oakville, Ontario (Canada). An 
additional group, selected from the 
Houston site, included 56 consecu-
tive patients who were being treated 
for either primary open angle or low 
pressure glaucoma.a After written 
informed consent was granted, data 
collected included each patient’s 
age, race (by self-report), sex, date 
of  birth, intraocular pressure (IOP-
NCT), anterior chamber depth and 
angle (Pentacam), central corneal 
thickness (CCT), cup-to-disc ratio 
(C/D), C/D asymmetry, optic disc 
area, and neuro-retinal rim area (N-
RRA).  These data were specifically 
gathered using routinely available 
non-invasive clinical care techniques 
so that the results would be as appli-
cable to other providers as possible 
(where possible routinely available 
care procedures were “standard-
ized” to insure their accuracy and 
use by other providers in the future).
In Houston, consecutive patients 
were included from the date of  
study onset. In Oakville, patients 
were selected based on willingness 
to have Optos examination.  Young 
normal patients were between ages 
4 and 40 years. Patients excluded 
were aged 4 or less (due to the lack 
of  cooperation) and over age 41 
(who were more at risk for glau-
coma due to their age).  Data from 
a few patients were not included 
due to inability to procure accurate 
anterior segment assessment with 
Pentacam. Also excluded from the 
young normal group were patients 
with glaucoma (progressive visual 
field defects, visible optic disc dam-
age, and/or progressive nerve fiber 
layer thinning) and those who had 
undergone Lasik or corneal trans-
plant surgeries.  
C/D, C/D Asymmetry, Disc Area, 
Neuro-Retinal Rim Area
Optos
Images of  the retina were captured 
using the Optos P200 Device, a 
panoramic 200-degree non-myd-
riatic screening ophthalmoscope. 
This retinal image scanner uses 
red and green laser wavelengths to 
produce a digital, high resolution 
color picture which is displayed 
on a PC monitor. These two laser 
wavelengths penetrate the retinal 
structures to different depths, each 
providing information for inter-
pretation and diagnosis. Panoramic 
200-degree images can be viewed, 
enlarged, annotated, and separated 
into their color components. 
Cup-to-disc ratio was assessed on 
the red free image using a computer 
generated tool supplied with the Op-
tos software (V2 Vantage 2.3.0.70). 
First, the margins of  the cup were 
traced using the color contours and 
the bending of  blood vessels as a 
guide. The same technique was used 
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to draw the disc margins. This pro-
cedure automatically calculated the 
C/D ratio. For each subject, the 
C/D asymmetry was calculated by 
taking the difference between the 
right and left eye C/D ratio.
Disc area was also determined us-
ing the Optos software. The mar-
gins of  the disc were traced using 
the color contours as a guide. This 
procedure automatically calculates 
the disc area ratio in pixels.   Neuro-
retinal rim area (N-RRA) was calcu-
lated by subtracting the area of  the 
cup (C/D ratio × Disc area) from 
the total disc area.
Conversion from pixels to mm2
Optical coherence tomography 
(OCT) is an imaging technique, 
analogous to ultrasound B scan, 
that provides cross-sectional images 
of  the retina with micrometer-scale 
resolution. It provides cross-section 
morphological features of  the optic 
disc and normal anatomic varia-
tions in retinal and retinal nerve fi-
ber layer thickness with 10 micron 
depth resolution. To estimate disc 
area in mm2, we collected data for 
82 eyes (41 patients), first with Op-
tos to determine disc area in pixels 
and then for the same patients with 
OCT to determine disc area in mm2. 
By comparing Optos values for disc 
area (in pixels) and OCT values (in 
mm2) for the same patients we de-
veloped a conversion factor from 
pixels to disc area (mm2). 
Central Corneal Thickness
In Houston, Pentacam (Occulus 
Pentacam – Belinea) was performed 
on every patient to determine cen-
tral corneal thickness, anterior 
chamber depth, and the anterior 
chamber angle in degrees. Pentacam 
is an instrument that uses a rotating 
Scheimpflug camera to take multi-
ple images of  the anterior segment. 
The center of  the cornea is very 
precisely measured with this rota-
tional imaging process. Measure-
ments take less than two seconds 
and minute eye movements are cap-
tured and simultaneously corrected. 
Images are computer analyzed to 
generate three dimensional images 
and calculate measurements of  the 
eye. In addition to corneal thickness 
measurements, the Pentacam pro-
vides corneal topography measure-
ment, AC depth, volume, and angle, 
and pupil diameter assessment.  In 
Oakville, optical pachymetry utiliz-
ing OLCR (Optical Low Coherence 
Reflectometry) technology, with 
a Haag-Streit Slit lamp-mounted 
Pachymeter was performed to de-
termine corneal thickness.
Power Calculation
The goal of  statistical power anal-
ysis and sample size estimation 
techniques is to facilitate decisions 
of  how large a sample is needed 
to enable statistical judgments that 
are accurate and reliable and how 
likely statistical tests will be to de-
tect significant differences in a par-
ticular situation.31 Power indicates 
the probability that a clinical trial 
will have a significant (positive) re-
sult; that is, have a p-value of  less 
than the chosen significance level 
(e.g., 0.05). 31 For a 0.05 level of  sig-
nificance, the corresponding power 
level is 0.80. This probability is cal-
culated under the assumption that 
the difference equals the minimal 
detectable difference. In clinical 
trials, the minimum detectable dif-
ference is the smallest difference 
that would be clinically important 
and biologically plausible. 
For example, consider the C/D 
ratio; the minimal detectable dif-
ference or “smallest difference” 
between normal (0.3) and glaucoma 
(0.5) patients could be 0.2. To cal-
culate the sample size needed for 
a power level of  0.8, it may be as-
sumed that for each group (normal 
and glaucoma) there are equal stan-
dard deviations (+/-0.1), degrees of  
freedom (df  =100) and sample siz-
es. In this example, the sample size 
calculation shows that fewer than 
twenty (n<20) subjects are needed 
for each group (control and glau-
coma) to have the power for a sig-
nificant difference (p-value less than 
0.05). Thus, our sample size of  1377 
young normal eyes and 112 eyes be-
ing treated for glaucoma gives us 
more than ample power to detect 
clinically significant differences in 
the parameters studied (C/D, C/D 
Asymmetry, Disc Area, Neuro-Ret-
inal Rim Area, and Central Corneal 
Thickness).
Results
From our study design we had 
normative data on 1377 eyes of  
702 young normal subjects (621 
– normal IOP; 81 – high IOP 
[>21mmHg]) and 112 eyes of  56 
patients being treated for glaucoma. 
Of  the young normal subjects, 291 
were male (average age 16.56+/-
8.39, range 5-40) and 411 were 
female (average age 19.87+/-9.54, 
range 4-39). There were 199 Black 
(181 – normal IOP), 175 Caucasian 
(168 – normal IOP), 173 Hispanic 
(153 – normal IOP), 118 Other 
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(Asians of  Indian and Pakistan ori-
gin; 83 - normal IOP), and 37 Asian 
(Vietnamese and Chinese; 36 – nor-
mal IOP) patients. Of  the patients 
being treated for glaucoma, 18 were 
male (average age 61.40+/-12.42, 
range 41-80) and 38 were female 
(average age 63.92+/-13.29, range 
41-87). There were 20 Black, 10 
Caucasian, 14 Hispanic, 9 Other 
(Asians of  Indian and Pakistan ori-
gin), and 3 Asian (Vietnamese and 
Chinese) patients being treated for 
glaucoma. 
Z-Scores
In statistics, a standard score (also 
called z-score or normal score) is a 
dimensionless quantity derived by 
subtracting the population mean 
from an individual (raw) score and 
then dividing the difference by the 
population standard deviation. 
Since the Z-Score is dimensionless, 
individual Z-Scores for CCT, C/D 
ratio, disc area, C/D ratio asymme-
try, and N-RRA can be combined 
through addition into a total Z-
Score to portray the ocular structure 
of  young normal patients (see Figure 
2). For our young normal popula-
tion the mean total Z-Score was 
0.00 (range -7.32 to +9.24), with 
an increasing plus number indicat-
ing increasing prevalence of  ocular 
structures that have been associ-
ated with glaucoma (CCT, C/D ra-
tio, disc area, C/D ratio asymmetry, 
and N-RRA).   Again, for our young 
normal population, the standard de-
viation was 2.30; 77.04% of  young 
normal patients had a Z-score less 
than 2.30, 22.96% of  patients were 
more than 1SD greater than the 
mean, and 6.48% were more than 
2SD greater than the mean. For the 
patients being treated for glaucoma, 
using individual structure Z-Scores 
derived from the ocular structure 
mean and standard deviation of  
young normal patients, the mean 
total Z-Score was 3.25 (range -2.09 
to +11.30). A Z-Score >2.30 was 
present in 65.52% of  patients being 
treated for glaucoma.  
 These results demonstrate a posi-
tive answer to our:
Specific Research Question:  are 
there clinically significant num-
bers of  healthy pre-presbyopic 
patients and patients being treated 
for glaucoma who have similar 
specific physical ocular structure 
relationship?
 Z-scores >2.30 are present in 
22.96% of  young normal  patients 
and 65.52% of  patients being treated 
for glaucoma. 
  
Notwithstanding the fact that 
22.96% (more than one in five) of  
young patients had Z-scores within 
the range of  those present in pa-
tients being treated for glaucoma, 
there are statistically significant dif-
ferences between young normal pa-
tients and patients being treated for 
glaucoma. Using a two sample t-test 
figure 2: For our young normal population the mean Z-Score was 0.00 (range -7.32 
to +9.24), with an increasing plus number indicating an increasingly glaucoma-related 
structure. The standard deviation was 2.30; 77.04% of  young normal patients had a 
Z-score less than 2.30.   For the glaucoma patients, using a Z-Score derived from the 
ocular structure mean and standard deviation of  young normals, the mean Z-Score was 
3.25 (range -2.09 to +11.30).   A Z-Score greater than 2.3 was present in 65.52%  
of  glaucoma patients and 22.96% of  young normal patients.   
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TAbLE 1
GROUP COMPARISON
Young Adult Glaucoma Group Comparison
N= Total 702 Total 56
Male 291 Male 18 
Female 411 Female 38 
Eyes N= 1377 112
Mean SD Mean SD T-value p-value
Age 19.09 9.40 62.91 13.05 24.55 <0.001
CCT 550.37 39.47 535.64 43.28 2.45 <0.02
C/D 0.39 0.11 0.57 0.09 13.58 <0.001
C/D Asymmetry 0.02 0.06 0.08 0.12 2.17 <0.05
Disc Area 7863.54 1630.42 8626.01 2051.50 2.71 <0.01
N-RRA 4785.88 1161.14 3593.30 922.30 9.10 <0.001
(two-tailed, independent samples, 
unequal variance) for between-group 
differences, t-values were calculated, 
associated p-values estimated from a 
table32, and degrees of  freedom (df) 
assumed two less than the total num-
ber analyzed. The between-group 
difference of  the young normal and 
patients being treated for glaucoma 
groups and its significance are shown 
in Table 1.  
At the 0.05 level or higher:
n C/D ratio asymmetry of  the 
patients being treated for glau-
coma (0.08+/-0.12) was greater 
than the normal group (0.02+/-
0.06).
At the 0.02 level or higher:
n Corneal thickness of  the pa-
tients being treated for glau-
coma (535.64+/-43.28) was 
thinner than the normal group 
(550.37+/-39.47). b
At the 0.01 level or higher:
n Disc area of  the patients 
being treated for glaucoma 
(8626.01+/-2051.50) was 
larger than the normal group 
(7863.54+/-1630.42).
At the 0.001 level or higher:
n Age of  the patients being 
treated for glaucoma  (62.91+/-
13.05) was higher than the 
normal group (19.09+/-9.40).
n C/D ratio of  the patients being 
treated for glaucoma (0.57+/-
0.09) was larger than the normal 
group (0.39+/-0.11).
n Neural-retina rim area (N-RRA) 
of  the patients being treated for 
glaucoma (3593.30+/-922.30) 
was smaller than the normal 
group (4785.88+/-1161.14)
Data below elucidate our research 
objective.
Research Objective:
n To provide data for young 
normal patients, gathered using 
screening devices available in a 
routine clinical setting, which 
delineate the normal range of  
specific physical ocular struc-
tures (CCT, C/D ratio, inter eye 
C/D ratio asymmetry, optic disc 
area, and N-RRA) as well as the 
interrelation between structure 
findings. 
Results for specific ocular struc-
tures of  the 1377 eyes of  young 
normal patients were as follows:
n central corneal thickness of  
550.37+/-39.47mm. 
n C/D ratio of  0.39+/-0.11
n between eye C/D ratio 
difference of  0.02+/-0.06   
n disc area of  7863.54+/-1630.42 
pixels  
n N-RRA of  4785.88+/-1161.14 
pixels 
Data for each area assessed are pre-
sented in Table 2.
There were several parameters 
that were different in comparison 
of  the various groups in the young 
normal cohort at a range of  signifi-
cance levels (see Table 2):  
At the 0.01 level or higher:
n Female patients had thin-
ner central corneal thickness 
(546.92+/-38.26mm) than male 
patientsb (555.01+/-40.55mm).
n Caucasian patients had smaller 
disc areas (7392.73+/-1714.24) 
than the over-all study average 
(7863.54 +/-1630.42). 
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TAbLE 2a
YOUNG ADULT DATA
Young Normal
(IOP<21)
High IOP*
(IOP>21)
Asian
(IOP<21)
black
(IOP<21)
Hispanic
(IOP<21)
Other (Pakistani &  
Indian Descent)
(IOP<21)
Caucasian
(IOP<21)
N= Total 621 Total 81 Total 36 Total 181 Total 153 Total 83 Total 168
Male 260 Male 31 Male 19 Male 63 Male 72 Male 34 Male 72
female 361 female 50 female 17 female 118 female 81 female 49 female 96
Eyes N= 1377 134 72 362 306 166 336
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age 19.09 9.40 13.63 5.52 21.28 9.96 19.03 9.56 17.59 8.90 16.82 8.33 21.18 9.62
IOP 15.68 2.92 22.48 3.13 15.09 2.61 15.66 2.93 16.23 2.81 15.99 2.99 15.13 2.98
CCT 550.37 39.47 583.75 42.49 550.64 34.59 533.36 37.81 560.61 39.85 553.25 37.45 553.51 39.20
C/D 0.39 0.11 0.41 0.11 0.43 0.11 0.41 0.11 0.39 0.11 0.40 0.12 0.34 0.10
C/D Asymmetry 0.02 0.06 0.02 0.05 0.0 0.05 0.02 0.06 0.02 0.06 0.02 0.07 0.01 0.04
AC Angle 37.45 11.99 37.49 9.98 34.71 6.26 37.95 7.36 38.32 17.66 35.83 6.50 37.11 6.91
AC/Depth 3.31 0.32 3.30 0.34 3.29 0.36 3.32 0.32 3.30 0.31 3.26 0.33 3.37 0.30
Disc Area 7863.54 1630.42 7579.55 1451.55 8319.47 1897.47 8003.52 1616.69 7976.01 1410.13 8099.01 1480.79 7392.73 1714.24
N-RRA 4785.88 1161.14 4338.79 845.64 4681.97 1143.41 4704.78 1044.42 4863.46 1057.86 4799.89 1106.60 4841.50 1379.51
N-RRA Asymmetry 119.50 677.05 107.41 599.85 61.29 486.74 124.82 626.66 118.14 759.08 45.62 703.58 208.68 644.06
*Included in the high IOP group are: 1 Asian, 18 Black, 20 Hispanic, 35 Other, and 7 Caucasian who are not included in the respective Ethnicity columns
TAbLE 2b
T-TEST COMPARISON
Race IOP CCT C/D Angle AC Depth Disk Area N-RRA
CxO 0.02 0.001 0.05 0.001
CxH 0.001 0.001 0.01
CxB 0.001 0.001 0.01 0.001
CxA 0.001 0.05 0.01 0.001
CxOverAll 0.001 0.01
OxH
OxB 0.001 0.02
OxA 0.02
HxB 0.001 0.02
HxA 0.02 0.05 0.05 0.001
BxA 0.05 0.01
*Caucasian smaller C/D; Caucasian smaller disk area; Black thinner cornea; Asian and black smaller N-RRA
HIGH IOP vS NORMAL IOP
IOP CCT C/D Angle AC Depth Disk Area N-RRA
0.01 0.01 0.05 0.001
Thicker larger Smaller Smaller
*High IOP thicker cornea, larger C/D, smaller disk area, smaller N-RRA
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At the 0.001 level or higher:
n Caucasian patients had smaller 
C/D ratios (0.34+/-0.1) than 
the over-all study average 
(0.39+/-0.11).
n Black patients had thin-
ner central corneal thickness 
(533.36+/-37.81mm) than other 
groups (except Asians p=0.05).   
n Asian (4681.97+/-1143.41) 
and Black (4704.78+/-1044.42) 
patients had smaller N-RRA 
than the N-RRA of  Caucasian 
patients (4841.50+/-1379.51 
pixels).
There were data on 134 eyes of 81 
young normal patients with ocular 
hypertension (IOP >21, range 22-36). 
Their average age was 13.63+/-5.52, 
range 6-38. Compared to the over-all 
group, these patients also had differ-
ences at a range of significance levels:
At the 0.05 level or higher:
n Smaller disc area  7579.55+/-
1451.55 pixels
At the 0.01 level or higher:
n Thicker cornea  583.75+/-
42.29mm
n Larger C/D ratio  0.41+/-0.11
At the 0.001 level or higher:
n Smaller N-RRA  4338.79+/-
845.64 pixels
For young-normal patients with 
thin N-RRA various relations 
were investigated:
n There was no relation to age 
(t=-0.04, p=0.966, df=98) –  i.e., 
older patients were not more 
likely to have a thinner N-RRA.
n There was no relation to IOP 
(t=-1.00, p=0.320, df=91) – i.e., 
patients with higher IOP were 
not more likely to have a thinner 
N-RRA.
n There was no relation to cor-
neal thickness (t=1.53 p=0.13, 
df=98).  i.e., patients with thin-
ner corneas were not more likely 
to have a thinner N-RRA.
n Increase in disc area was accom-
panied by an increase in C/D 
(Figure 3) – this increase was 
associated with a non-significant 
increase in N-RRA (t=0.99 
p=0.32, df=98).  
n Small discs which had a C/D 
greater than 0.5 tended to have 
small N-RRA (t=-8.21 p=0.000, 
df=93).
The Relation between  
Structures
Pearson’s Chi-square (ChiSq) is 
used to test whether data samples 
are different enough in some char-
acteristic that we can generalize 
that the populations from which 
our samples are drawn are also dif-
ferent in the characteristic. Presum-
ing that our young normal patient 
group’s ONH structure can be ex-
trapolated to represent the popula-
tion from which it was sampled, we 
accepted a chi-square probability 
of  .05 or less as justification for as-
serting that our young normal pa-
tients had ocular structure relations 
different from those expected by 
chance. 
There were complete data on 532 
young normal patients. We present 
Chi-square analysis for the right eye 
for differences from expected find- 
ings for the various parameters and 
their interactions (see Table 3). The 
C/D ratio and N-RRA were both 
different from expected findings 
at greater than the p(ChiSq)=0.05 
level and the over-all data for a 
single parameter were different 
from expected at p(ChiSq)=0.000 
(ChiSq=26.419). For interaction of  
two parameters the C/D + C/D 
asymmetry, C/D + N-RRA, C/D 
asymmetry + N-RRA and Disc 
Area + N-RRA were all different 
from expected findings at greater 
than p(ChiSq)=0.028 and the over-
all data for a two parameter interac 
tion were different from expected 
at p(ChiSq)=0.000 (ChiSq=83.877). 
For interaction of  three param-
eters, ChiSq is not strictly appro-
priate and correction needs to be 
made due to the small numbers 
of  expected findings. When ana-
lyzed with cor rection for conti-
nuity, the total ChiSq is very high 
(p(ChiSq)=0.000, ChiSq=81.540). 
With correction for continuity, the 
multiple interactions of  CCT + 
C/D + Disc Area, CCT + C/D + 
N-RRA, CCT + C/D asymmetry + 
Disc Area, and C/D + C/D asym-
metry + N-RRA were all different 
from expected findings at greater 
than p(ChiSq)=0.016.
 
Disc Area vs CD Ratio
figure 3:  Data presented are for 1404 
eyes (702 patients – 621 with normal 
and 81 with high IOP [>21mmHg]). 
Increase in disc area was accompanied by 
a modest increase in C/D and N-RRA.
Small nerves which had a large C/D 
tended to have small N-RRA (t=-8.21 
p=0.000, df=93).
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TAbLE 3A
SINGLE PARAMETER – 1SD
Suspicious Not-suspicious
Observed Expected Observed Expected ChiSq
CCT 93 84.40 439 447.60
C/D 120 84.40 412 447.60 0.000
C/D Asymmetry 81 84.40 451 447.60
Disc Area 98 84.40 434 447.60
N-RRA 66 84.40 466 447.60 0.045
Total C2 0.000
SINGLE PARAMETER – 2SD
Suspicious Not-suspicious
Observed Expected Observed Expected ChiSq
CCT 10 12.10 522 519.90
C/D 16 12.10 516 519.90
C/D Asymmetry 20 12.10 512 519.90 0.023
Disc Area 19 12.10 513 519.90
N-RRA 3 12.10 529 519.90 0.009
Total X2 0.001
TAbLE 3b
TWO INTERACTIONS
Suspicious Not-suspicious
Observed Expected Observed Expected ChiSq
CCT + C/D 20 20.977 512 511.023
CCT + C/D Asymmetry 9 14.160 523 517.840
CCT + Disc Area 16 17.132 516 514.868
CCT + N-RRA 11 11.538 521 520.462
C/D + C/D Asymmetry 28 18.271 504 513.729 0.023
C/D + Disc Area 26 22.105 506 509.895
C/D + N-RRA 45 14.887 487 517.113 0.000
C/D Asymmetry + Disc Area 21 14.921 511 517.079
C/D Asymmetry + N-RRA 17 10.049 515 521.951 0.028
Disc Area + N-RRA 4 12.158 528 519.842 0.019
Total X2 0.000
TAbLE 3C
THREE INTERACTIONS
Suspicious Not-suspicious
Observed Expected Observed Expected ChiSq
CCT + C/D + C/D Asymmetry 4 3.194 528 528.806
CCT + C/D +Disc Area 11 3.864 521 528.136 0.001
CCT + C/D + N-RRA 9 2.602 523 529.398 0.000
CCT + C/D Asymmetry +Disc Area 7 2.608 525 529.392 0.013
CCT + C/D Asymmetry + N-RRA 2 1.757 530 530.243
CCT + Disc Area + N-RRA 1 2.125 531 529.875
C/D + C/D Asymmetry + Disc Area 7 3.366 525 528.634
C/D + C/D Asymmetry + N-RRA 13 2.267 519 529.733 0.000
C/D + Disc Area + N-RRA 3 2.742 529 529.258
C/D Asymmetry + Disc Area + N-RRA 2 1.851 530 530.149
Total X2 0.000
TAbLE 3D
fOUR OR MORE INTERACTIONS
Suspicious Not-suspicious
Observed Expected Observed Expected
CCT + C/D + C/D Asymmetry + Disc Area 2 0.588 530 531.412
CCT + C/D + C/D Asymmetry + N-RRA 2 0.396 530 531.604
C/D + C/D Asymmetry + Disc Area + N-RRA 2 0.418 530 531.582
CCT + C/D + C/D Asymmetry + Disc Area + N-RRA 1 0.073 531 531.927
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between site measures
Between site measures were gen-
erally not significantly different. 
There were smaller over-all Disc 
Area in Canada (7087.28+/-
1871.16 vs 7392.73+/-1714.24 
pixels) and smaller over-all N-RRA 
in Canada (4413.98+/-1263.43 vs 
4851.50+/-1379.51 pixels). These 
differences were significant at the 
0.01 level when comparing Cauca-
sian patients from Canada and the 
US.
Optos Measures
Conversion from pixels to disc 
area in mm2
We developed a conversion from 
Optos measures in pixels to disc 
area in mm2. The result is shown in 
Figure 4.  This conversion, which 
was determined by comparison of  
Optos and OCT performed on 82 
eyes, is pixels multiplied by 0.0003.
Reliability 
We investigated reliability of  Optos 
measurements in three ways. First, 
we measured disc area with two 
scorings of  one Optos measure 
by the same examiner on separate 
occasions on 20 patients. There 
was no significant difference, test-
retest reliability (coefficient of  cor 
relation) was 0.91, and Reliability 
(Standard Error of  Measurement) 
at the 95% confidence interval 
(CI) was 415 pixels (0.12mm2). Sec 
ond, we measured C/D ratio with 
two scorings of  one Optos mea 
sure by the same examiner on sep 
arate occasions on 20 patients and 
found no significant difference, a 
correlation of  0.79, and a 95% CI 
of  0.034. Third, we measured disc 
area with two different Op tos im-
ages on separate occasions for 20 
eyes and found a significant dif-
ference (t=-3.19, p=0.01), a cor 
relation of  0.39, and a 95% CI of  
171 pixels (0.05mm2). Based on 
our average of  7863.54 pixels/op 
tic nerve, 171 pixels is about 2.2% 
(or in area, the average optic nerve 
would be 2.36mm2 with a confi 
dence of  0.05mm2). 
Power Calculation
Using data from this study (sample 
size, C/D ratios and standard de-
viations for each group) the power 
level approaches 1 which indicates 
that these results have a greater 
level of  power than 0.8 and level 
of  statistical significance greater 
than 0.05. 
Discussion
The clinical dilemma is that only a 
small proportion of  patients ever 
develop glaucoma, and up to 50% 
of  current patients with glaucoma 
do not know they have the disease. 
From our Research Objective:
n To provide data for young 
normal patients, gathered using 
screening devices available in a 
routine clinical setting, which 
delineate the normal range of  
specific physical ocular struc-
tures (CCT, C/D ratio, inter eye 
C/D ratio asymmetry, optic disc 
area, and N-RRA) as well as the 
interrelation between structure 
findings. 
For young normal patients a statis-
tically abnormal structure related 
to glaucoma (1SD from the mean) 
was a: 
n central corneal thickness of  
510.90µm (550.37 +/- 39.47) or 
less, 
n C/D ratio of  0.50 (0.39 +/- 
0.11) or more,   
n Disc area of  9493.96 pixels 
(7863.54 +/- 1630.42); 2.85mm2 
or more,
n Between eye C/D ratio asym-
metry of  0.08 (0.02 +/- 0.06) or 
more, and 
n Neuro-retinal rim area of  
3624.74 pixels (4785.88 +/- 
1161.14); 1.09mm2 or less.
The mean total Z-Score for our 
young normal population was 0.00 
+/- 2.30 (range -7.32 to +9.24); 
77.04% of  young normal patients 
had a Z-score <2.30, 22.96% of  
patients were more than 1SD 
greater than the mean (Z-score 
>2.30), and 6.48% were more 
than 2SD greater than the mean. 
For the patients being treated for 
Optos vs OCT
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figure 4:  Data are for 82 eyes (41 
patients). Measurements were made first 
with Optos to determine disc area in 
pixels and then for the same patients with 
OCT to determine disc area in mm2. The 
figure compares Optos values for disc area 
(in pixels) and OCT values (in mm2) for 
the same patients.  The conversion factor 
from pixels to disc area (mm2) is pixels 
times 0.003. The data are modestly 
correlated (r = 0.70); we attribute the 
lack of  higher correlation to “noise” 
between the two sets of  data collected.
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glaucoma, using individual structure 
Z-Scores derived from the ocular 
structure mean and standard devia-
tion of  young normal patients, the 
mean total Z-Score was 3.25 (range 
-2.09 to +11.30). A Z-Score >2.30 
was present in 65.52% of  patients 
being treated for glaucoma.   
There are similarities in specific 
physical ocular structures between 
a clinically significant number 
(22.96%) of  healthy pre-presbyopic 
patients and patients being treated 
for glaucoma.   These results pro-
vide an affirmative answer to our 
Specific Research Question:
n	Are there clinically significant 
numbers of  healthy pre-presby-
opic patients and patients being 
treated for glaucoma who have 
similar specific physical ocular 
structure relationship?   
In addition to the association (over-
lap) in IOP ranges between normal 
patients and those with glaucoma-
tous visual field loss (see Figure 1), 
we found that there is also a signifi-
cant overlap in the normal ranges 
of  CCT, C/D ratio, C/D ratio 
asymmetry, disc area, and N-RRA 
between young normal patients and 
patients being treated for glaucoma 
(see Figure 2). Taken together, and 
using clinical, along with family risk 
factors, IOP values, and screening 
visual field (e.g., frequency dou-
bling), these results can be used to 
refine decisions on which primary 
care patient to screen for glaucoma.
The physical ocular structures 
(CCT, C/D ratio, C/D ratio asym-
metry, optic disc area and N-RRA) 
of  subjects with abnormal findings 
(greater than one standard deviation 
from the mean) are related in Table 
3. The C/D ratio and N-RRA were 
different than expected by chance 
as were interactions between C/D 
+ C/D asymmetry, C/D + N-RRA, 
C/D asymmetry + N-RRA, and 
Disc Area + N-RRA. Further, the 
relation between multiple physical 
ocular structures CCT + C/D + 
Disc Area, CCT + C/D + N-RRA, 
CCT + C/D asymmetry + Disc 
Area, and C/D + C/D asymmetry 
+ N-RRA were also different than 
expected by chance (see Table 3). 
The frequent appearance of  CCT in 
the statistically significant multiple 
interactions of  our young adults 
compares well with the OHTS data 
where a relation between thin CCT 
and glaucoma was found.28 
Study Limitations 
Study limitations include the testing 
approach, examination technique, 
lack of  definition of  race, and the 
patients on whom it was done. Re-
call that our testing approach is 
to determine the normal values 
(range, mean, and standard devia-
tion) of  glaucoma specific physical 
ocular structures and relating these 
for young normal and glaucoma 
patients. Either screening devices 
available in routine clinical care 
(e.g. NCT for IOP, Optos for C/D 
evaluation) or gold standard testing 
(e.g., Goldmann tonometry for IOP, 
Stereo optic nerve photos for C/D 
evaluation) may be used.  Once the 
normative data have been deter-
mined it is irrelevant which clini-
cal equipment was used; it is only 
required that decisions as to which 
structures are abnormal be made by 
applying equipment consistently be-
tween groups.  
Our design is limited by the ex-
amination technique. We relied on 
ophthalmic examination and young 
age to maximize the probability that 
the young subjects did not mani-
fest glaucomatous neuropathy. We 
performed threshold visual fields 
and nerve fiber analysis (GDx) on 
most young patients with abnormal 
ocular structure and none of  them 
were identified with visual field or 
nerve fiber layer defects (and the 
vast majority also had normal IOP 
measures). As a result, we think it is 
unlikely that the normative ocular 
structure findings in our young pa-
tients were significantly influenced 
by the presence of  patients with 
glaucoma.
Results comparing different ethnic 
groups depend on the definition of  
race used in the study. We used self-
reported race in analysis (as have 
many other studies) and self-report 
of  race is frequently unreliable. For 
example, in the Bureau of  Census’ 
Current Population Survey (March 
1971 and March 1972) 34.2% of  
the same household reported dif-
ferent ethnic identities.33 Because 
self-report is not always reliable it 
is possible that some persons were 
misclassified. Misclassification would 
weaken our ability to identify dif-
ferences among ethnic groups. 
Further, our study was limited to 
persons living at just two separate 
sites (Houston, Texas and Oakville, 
Ontario) and may not generalize to 
persons of  similar reported ethnic-
ity living elsewhere.
Our study included young patients 
coming for an eye examination and 
was not population based. It is pos-
sible that persons who feel they 
require a vision examination, who 
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often have a significant refractive 
error, have different parameters of  
CCT, C/D ratio, inter eye C/D ra-
tio asymmetry, optic disc area, and 
N-RRA than those who do not 
seek eye examinations. The aver 
age refractive error of  the patients 
was -1.68 - 2.46 (range +7.25 to 
-11.50DS; 0.00 to -5.25DC). Only 
0.91% were highly myopic (>-8.00) 
patients (who have been shown to 
be at greater risk for glaucoma and 
who tend to have large optic disc 
areas).23 This, plus our finding that 
the average optic disc area was well 
within expected limits (see below), 
makes it likely that our results will 
generalize reasonably well to the 
persons with little or no refractive 
error who make up a large portion 
of  the population.
Disc and N-RRA Area
Although digitized fundus pho-
tographs, confocal scanning laser 
ophthalmoscopy, scanning laser 
polarimetry and optical coherence 
tomography have all been used to 
evaluate optic disc topography34, 
there is not one clearly identified 
“gold standard”.  To facilitate gath-
ering of  data, we elected to use Op-
tos for our study. Optos is available 
in a large number of  primary eye-
care practices and its use allows this 
study to generalize to routine clini-
cal vision care. Again, either screen-
ing devices or gold standard testing 
could be used to create a norma-
tive data base of  glaucoma specific 
physical ocular structures; it is only 
required that decisions as to which 
structures are abnormal be made 
by applying equipment consistently 
between groups. The Optos has 
software (V2 Vantage 2.3.0.70) that 
calculates C/D ratio and optic disc 
area in pixels.  The basis for the 
topographic algorithm that permits 
C/D ratio calculation has not been 
published.  
Conversion of Optos Measures 
(pixels) to mm2
We developed a conversion to con-
vert Optos measures in pixels to 
disc area in mm2.  This conversion, 
which was determined by perform-
ing Optos and OCT on 82 eyes, is 
pixels multiplied by 0.0003 (see Fig-
ure 4). Applying this factor to our 
over-all data for optic disc area and 
N-RRA gives
Average Optic Disc Area   
(7863.57 × 0.0003) = 2.36mm2
Optic Disc St Dev    
(1630.42 × 0.0003) = 0.49mm2
Average N-RRA              
(4785.88 × 0.0003) = 1.44 mm2
N-RRA St Dev
(1161.14  × 0.0003) = 0.35mm2.
When the standard deviation 
is taken into account the average 
range for the optic disc area would 
be between 1.87mm2 ([7863.57-
1630.42] ×0.0003) and 2.85mm2 
([7863.57+1630.42] ×0.0003). A 
thin N-RRA could be defined as 
one standard deviation below the 
mean; this would be 3624.74 pixels 
(4785.88 -1161.14) and would give 
a minimum expected N-RRA of  
1.09mm2  (3624.74 × 0.0003). 
Published norms for the HRT 
II34, which determines optic disc 
area and other neuro-retinal rim 
parameters, are a normal range of  
optic disc area between 1.69 and 
2.82mm2 and a minimum N-RRA 
of  1.20mm2. These values corre-
spond well to those we found (disc 
area = 1.87 to 2.85mm2, minimum 
N-RRA = 1.09mm2). Additionally, we 
found that our examiners use Optos 
to measure disc area with a 95% CI 
of  415 pixels (0.12mm2), C/D ratio 
with a 95% CI of  0.034, and with re-
peatability of  171 pixels (0.05mm2). 
Although the difference in repeat-
ability is statistically significant, nei-
ther it nor the others are likely to be 
clinically significant. Taken together, 
these results suggest that the Optos 
(and, although not addressed by our 
data, perhaps other digitizing retinal 
cameras as well) can be used to ac-
curately estimate C/D ratio, disc area, 
and neuro-retinal rim area.
Site Differences
For Caucasian patients, our 
Canadian patients had smaller op-
tic disc areas (7087.99+/-1871.1 
vs 7392.88+/-1714.24) and thin-
ner over-all N-RRA (4413.98+/-
1263.43 vs 4841.50+/-1379.51) 
than Texas patients. These differ-
ences were significant at the 0.01 
level.  It is likely that the difference 
stems from subtle differences in the 
drawing of  the optic nerve param-
eters by the investigators. The dif  
ference would be about 0.09mm2 
([7392.88 – 7087.28] × 0.0003), 
similar to our reliability findings, 
and is unlikely to have any clinical 
significance.  
Racial differences in corneal 
thickness, C/D and optic disc area.
Racial differences in corneal thick-
ness were found in the OHTS.28 
Since the OHTS subjects only in-
cluded patients with ocular hyper-
tension, it is reasonable to question 
whether these racial CCT differences 
would also be found in a clini-
cal population with normal IOP 
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or whether the OHTS differences 
were somehow related to ocular 
hypertension. Our results demon-
strate a difference in CCT for pa-
tients over a broad range of  ages 
and over all self-designated races (see 
Table 2). In addition to racial differ-
ences in CCT in our young patients, 
there were racial differences in C/D 
ratio and optic nerve structure, as 
well as differences in their interre-
lations. Similar racial differences in 
C/D ratio and optic nerve structure 
have been reported in glaucoma 
patients.25,27
Clinical Application: Glaucoma 
Related Abnormal Structure 
Screening
We are suggesting that decisions 
regarding which primary eye care 
patient to screen for glaucoma 
may be refined through increased 
knowledge of  and attention to the 
normal range and interrelation 
among the CCT, C/D ratio, inter 
eye C/D ratio asymmetry, optic disc 
area, and N-RRA. Determining the 
relation between structures lends 
itself  to a proposed Glaucoma Re-
lated Abnormal Structure Screening 
(GRASS). From Figure 2, 22.96% 
of  young normal patients and 
65.52% of  glaucoma patients have 
a Z-Score of  2.3 or greater.  
A clinician could calculate the Z-
score of  each patient to accurately 
determine the deviation of  ocular 
structures from the mean. However, 
rapid determination of  Z-scores is 
not a clinically easy task.  One meth-
od of  rapidly estimating the Z-score 
is to define abnormal structure as 
1SD from the mean and assign each 
abnormal structure (CCT, C/D ra-
tio, inter eye C/D ratio asymmetry, 
optic disc area, and N-RRA) one 
point.  This results in a 5 point score 
when all structures are abnormal 
(similar to that used for evaluation 
of  many other ocular structures and 
functions).
From Table 4, patients with 
two or more abnormal structures 
(GRASS score of  2 or more) make 
up 18.72% of  the young normal 
population and 74.55% of  our glau-
coma population (numbers that are 
similar to the Z-Score results in 
Figure 2). Further, the percentages 
of  patients with multiple struc-
tural abnormalities (who receive a 
GRASS score of  3 to 5) correspond 
well to numbers found in pro-
spective glaucoma incidence stud-
ies.16,35-37 Indeed, the proportion of  
patients with abnormal ocular struc-
ture interrelation was as expected 
– higher for Black30, intermediate 
for Hispanic38, and lowest for Cau-
casian patients.30 Taken together, 
these results suggest that simply 
scoring one point for each abnor-
mal structure (CCT, C/D ratio, in-
ter eye C/D ratio asymmetry, optic 
disc area, and N-RRA) will provide 
a useful clinical approximation of  
the abnormal structure ranking.
GRASS is an equipment-neutral 
procedure / approach. The mean 
and standard deviation of  a struc-
ture is determined using a given 
piece of  equipment (e.g, for C/D 
either Optos or the gold standard 
stereo photo could be used).  The 
structure abnormality is then con-
verted to a Z-score and this score is 
used in the GRASS calculation.  In 
this manner, any given clinic can de-
TAbLE 4
GLAUCOMA-RELATED AbNORMAL STRUCTURE SCREENING
(PERCENT PER CATEGORY)
Grass Score 0 1 2 3 4 5
Black 38.06 38.85 14.44 6.82 1.57 0.26
Caucasian 53.08 35.78 10.26 0.59 0.29 0.00
Hispanic 56.29 27.67 11.64 3.77 0.63 0.00
Asian 43.24 33.78 14.86 8.11 0.00 0.00
Other (Indian/Pakistani) 46.20 27.17 21.74 4.89 0.00 0.00
All 49.82 32.79 12.97 4.46 0.36 0.09
Grass Score 0 1 2 3 4 5
Glaucoma 5.45 20.00 32.73 29.09 12.73 0.00
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determine a GRASS score as long 
as they have confidently determined 
the mean and standard deviation of  
a physical ocular structure for their 
equipment.  If  they use Optos, our 
numbers can be used.
Glaucoma Related Abnormal 
Structure Screening  (GRASS) 
Clinical Example
Consider the optic discs Figure 5a 
and 5b. In Figure 5a is an optic disc 
of  a 26 year old Asian female with a 
C/D of  0.60 and in Figure 5b is the 
optic disc of  a 15 year old Hispanic 
male with a C/D of  0.50.  Based on 
C/D ratio alone a clinician would 
suspect that the patient in Figure 
5a has a more abnormal structure. 
However, applying GRASS pro-
vides further information. 
The patient in Figure 5a has a cor-
neal thickness of  600µm, an optic 
disc area of  4.22mm2 (14068 pixels), 
an inter-eye C/D ratio asymmetry 
of  0.01, and a neuro-retinal rim area 
of  1.69mm2 (5627 pixels).  Clearly, 
although she has a large C/D ratio 
and her optic disc area is very large, 
her inter-eye C/D ratio asymmetry 
and neuro-retinal rim area are both 
within the normal range. This gives 
her a Glaucoma Related Abnormal 
Structure Scale (GRASS) score of  2 
– abnormal structures of  large C/D 
and large optic disc area. Addition 
ally, her measured IOP is 12 and, 
when corrected for corneal thick 
ness, is even lower at 10.16 [12 – 
(0.50 × 3.69)].  
The patient in Figure 5b has a cor-
neal thickness of  495mm, an optic 
disc area of  1.95mm2 (6512 pixels), 
an inter-eye C/D ratio asymmetry 
of  0.21, and a neuro-retinal rim area 
of  0.98mm2 (3256 pixels). For this 
patient, although his optic disc area 
is small, he has a large C/D ratio, an 
abnormal inter-eye C/D ratio asym-
metry, and his neuro-retinal rim area 
is well below normal. He has a high 
GRASS score of  4 since he has bor-
derline C/D, thin cornea, inter-eye 
C/D asymmetry, and thin neuro-
retinal rim. His IOP is 20 and, when 
corrected for corneal thickness, is 
above normal at 22.03 [20 + (0.55 
× 3.69)].  
Although these patients could 
both be considered to have abnor-
mal structure, the GRASS score 
suggests that the ocular structure 
of  the patient in Figure 5b is much 
more abnormal than the one in Fig-
ure 5a. Based on analysis of  these 
optic discs, the GRASS score has 
face validity – that is, it seems to 
make sense. It remains to be deter-
mined over time whether GRASS 
develops incremental validity in re-
fining decisions on which primary 
eye care patient to screen for glau-
coma (i.e., whether patients with 
greater scores actually show glau-
comatous findings during glaucoma 
evaluation and subsequently go on 
to develop glaucoma in higher pro-
portion to patients identified by 
other techniques). 
Sensitivity and Specificity
Sensitivity is disease focused and 
describes the percentage of  people 
with the disease that the test cor-
rectly identifies. A test with a sen-
sitivity of  80% detects 80% of  the 
abnormalities in the population 
studies (missing 20%). GRASS has 
a Sensitivity of  74.55% – the num-
ber of  our glaucoma patients with a 
GRASS score of  2 or more.   
Specificity is wellness or normal 
focused and describes the per-
centage of  normal people the test 
Figure 5a and 5b:  Figure 5a shows an optic nerve of  a 26 year old Asian female with a 
C/D of  0.60 and in Figure 5b is the optic nerve of  a 15 year old Hispanic male with 
a C/D of  0.50.   The patient in Figure 5a has a GRASS score of  2 [optic nerve area 
of  2.82mm2 (9399 pixels) and a neuro-retinal rim area of  1.21mm2 (4041 pixels)]. 
The patient in Figure 5b has a GRASS score of  4 [corneal thickness of  495mm, C/D 
of  0.50, inter-eye C/D ratio asymmetry of  0.21, neuro-retinal rim area of  1.06mm2 
(3549 pixels)]. Although these patients should both be followed closely, the GRASS score 
suggests that the glaucoma related ocular structure in Figure 5b is of  much more clinical 
concern than the one in Figure 5a.
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correctly identifies as normal. A 
test with 85% specificity correctly 
identifies 85% of  healthy people 
as healthy (15% are false positives 
– thought to have the disease when 
they do not).  GRASS has a Speci-
ficity of  81.28% – the number of  
normal patients with a GRASS 
score of  0 or 1.  
The GRASS 74.55% Sensitivity and 
81.28% Specificity rate is very high 
for a clinical screening test.  For 
example, no single value of  IOP is 
considered to provide an acceptable 
balance of  sensitivity and specific-
ity for screening39. For example, in 
the Baltimore Eye Survey11, IOP 
≥18 mm Hg had sensitivity and 
specificity of  65%; raising the cut-
off  to IOP ≥21 mm Hg improved 
specificity to 92% but lowered sen-
sitivity to 44%.  These results are 
due in part to fluctuations in IOP 
over time – only about 50% of  
patients with untreated glaucoma 
actually have IOP greater than 21 
mm Hg on random measurement.40 
Although not tested by our data, 
presumably combining GRASS oc-
ular structure screening with IOP 
could significantly raise the Predic-
tive Value and provide a useful bal-
ance of  sensitivity and specificity to 
determine which primary eye care 
patients to screen for glaucoma.
 
Conclusion
Data from this study provide new 
insight into the normal range and 
interrelation between CCT, C/D 
ratio, inter eye C/D ratio asymme-
try, optic disc area, and N-RRA and 
positive answers to our General Re-
search Questions:
1) Can decisions to determine 
which patients to screen for 
glaucoma be refined by deter-
mining the normal ranges of  
specific physical ocular struc-
tures? 
2) And, can this normative data of  
specific physical ocular struc-
tures be applied to age range of  
patients that participated to find 
those with anatomy similar to 
glaucoma patients?
GRASS is an equipment-neutral 
tool for use by the general clinician 
to screen for relative ocular struc-
ture abnormality using the results 
of  routine clinic tests. The GRASS 
score will help determine which 
primary eye care patient should be 
screened for glaucoma. In this view, 
the GRASS score would be consid-
ered along with other glaucomato-
genic factors including age, IOP 
value, diurnal pressure fluctuation, 
optic nerve perfusion, visual field 
testing, etc. to determine the appro-
priate over-all level of  concern.   
GRASS is not intended to predict 
glaucoma development but rather 
to identify patients with multiple 
structural abnormalities, regard-
less of  age or IOP level.  Provid-
ing more information than a simple 
C/D ratio, evaluating and relating 
the ocular structures central cor-
neal thickness, C/D ratio, inter-eye 
C/D ratio asymmetry, optic disc 
area, and N-RRA, in patients below 
age 40, will help refine decisions 
on which primary eye care patient 
to screen for glaucoma. This, in 
turn, will help identify which young 
patients should be more closely fol-
lowed for possible future develop-
ment of  glaucoma.
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Footnotes
a. Patients being treated for glaucoma 
were those who, after thorough clinical 
evaluation, had been found to have 
continued and/or increasing nerve fiber 
layer loss (GDx or OCT) along with 
continued and or increasing visual field 
defects consistent with glaucoma (nasal 
step, bjerum scotoma, etc).  These patients 
may or may not have had initial high IOP.
b. Except for corneal thickness, there were 
no statistically significant differences 
between male (555.01+40.55) and female 
(546.92+38.26) patients.  Further, none 
of  the between site measures were 
significantly different (except for two 
OPTOS measures).  As a result, neither 
separate data for male and female patients 
nor between site measures are reported in 
Table 2.
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